Purpose: To investigate the clinical characteristics of combined prophylaxis of rivaroxaban (Xarelto ® ) and mechanical therapy (foot sole pump, antiembolism stocking) after total knee replacement arthroplasty, for prevention of deep vein thrombosis (DVT). Materials and Methods: The subjects of this study were 110 patients who underwent total knee replacement arthroplasty (TKA) between November 2011 and May 2012, and were prospectively evaluated. They consisted of 13 men (11.8%) and 97 women (88.2%) with the mean age of 68.7 years (±7.9). All of the patients received 10 mg of rivaroxaban once daily for 14 days from Day 1 postoperatively, and used an intermittent pneumatic compression (IPC) pump and compression stockings immediately after the operation. To determine the presence of postoperative DVT, clinical symptoms examination, D-dimer test, color Doppler ultrasound imaging were performed to analyze the risk factors of DVT events. Results: There were a total of 13 patients (11.8%) with DVT in the distal lower limbs among the entire 110 patients. At Day 4 after the operation, a statistically significant difference was seen only in femoral swelling of several clinical symptoms between DVT group and non-DVT group (p = 0.043). D-dimer tests showed no statistically significant difference between the two groups, however with the boundary value of 0.3 mg/L, diagnostic sensitivity, specificity, positive predictability and negative predictability were equivalent to 100%, 8.2%, 12.7% and 100%, respectively. There was no significant difference between the two groups in terms of well-known risk factors including age, gender, obesity, hypertension, diabetes, smoking, and anesthesia method, and no case of pulmonary embolism was observed. Conclusion: A combination of pharmacological therapy (rivaroxaban, Xarelto ® ) and mechanical therapy (foot sole pump system) after TKA is considered effective for DVT prevention.
Introduction
With the advent of aging society, the elderly population has increased rapidly leading to rising concern in degenerative diseases. Since a typical degenerative disease, degenerative arthritis usually has great effects on the patient's daily life due to severe pain, the number of patients with end-stage knee osteoarthritis undergoing total knee replacement arthroplasty (TKA) is increasing. In the United States, about 0.7 million of TKAs have been performed annually, and it is estimated that about 35 million of TKAs will be conducted by 2030 [1] . It is reported that as one of post-TKA complications, deep vein thrombosis (DVT) is relatively common after orthopedic surgery, has a high likelihood to develop into pulmonary thromboembolism, and causes fatal pulmonary embolism in 0.5% -2% of the affected patients [2] . Because the relevant clinical findings are usually non-specific and asymptomatic despite of some symptoms such as pain, tenderness, swelling, heat or redness in the lower leg, the prevention and early diagnosis of DVT is critically important. Generally, the known risk factors of DVT include old age, obesity, the past history of venous embolism and/or thrombosis, the presence of malignant diseases, cardiac disease, the past history of lower limb surgery, hematological disorder, long-term fixation or paralysis, varicose veins, pregnancy, smoking, diabetes, hypertension, hormone treatment, and contraceptive use. Although it is known that the event of vein thrombosis after TKA is usually attributed to complicated factors, lower limb surgery itself may be one of main risk factors of vein thrombosis.
In the Western countries, TKA patients are considered at high risk for DVT, and it was reported that in the absence of preoperative prophylaxis (i.e., preventive measure), the frequency of DVT ranged from approx. 40% to 80% [3] . In the Eastern countries, the importance of preCopyright © 2013 SciRes.
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The Clinical Characteristics of Combined Deep Vein Thrombosis Prophylaxis of Rivaroxaban and Mechanical Therapy after Total Knee Replacement Arthroplasty 15 operative prophylaxis has not been emphasized owing to 10% -20% of low prevalence rates, however up to 40% of incidence rates are currently reported along with steadily increasing frequency [4] .
It was reported that if effective DVT prophylaxis is given, the incidence rates were reduced to 10% -20% [5] , and for the reason, mechanical and pharmacological therapies are commonly used. Mechanical therapies include initiating early postoperative exercise, using compression dressings and stockings, using a foot pump, and doing active ankle pump exercise [6] , while pharmacological therapies include aspirin, low molecular weight heparin, warfarin, and dextran. In addition, as new drugs such as dabigatran, rivaroxaban or apixaban have the advantages of availability as oral dosage form, unnecessary monitoring based on hematological tests, fixed dose administration without dosage adjustments, less interacttions with food or other drugs, the results of clinical studies on their efficacy and safety have been reported in recent days [7] [8] [9] . Of these, rivaroxaban acts as a factor Xa inhibitor, and in their recent comparative study of rivaroxaban versus warfarin, Patel MR et al. reported that there was no significant difference between the two groups even in stroke, systemic embolism, major bleeding, and non-major bleeding, and instead, the incidence rates of intracranial bleeding and fatal bleeding were lower in rivaroxaban group [10] . Also, rivaroxaban was approved for DVT prevention after some orthopedic surgical procedures in the United States, Canada and Europe, and was approved by the US FDA for the reduction of stroke and thrombosis in atrial fibrillation patients as well as for the prevention of thrombosis in patients undergoing total knee or hip replacement arthroplasty patients in September 2011. There was the increasing demand for the said medication in South Korea as well. In this context, the study was intended to investigate the clinical characteristics of combined DVT prophylaxis of rivaroxaban (Xarelto ® ) and mechanical therapy (foot sole pump, antiembolism stocking) after TKA.
Materials and Methods
This study was approved by the hospital ethic committee at our institution, and all participants were provided with an informed consent. The subjects of this study were 110 patients who underwent TKA between November 2011 and May 2012, and were prospectively evaluated. They consisted of 13 men (11.8%) and 97 women (88.2%) with the mean age, weight, height and body mass index (BMI) of 68.7 years (±7.9), 60.5 kg (±9.8), 153.1 cm (±7.8) and 25.8 kg/m 2 (±3.8), respectively. Their etiologies were composed of degenerative arthritis (103 cases), osteonecrosis (6 cases) and rheumatoid arthritis (1 case). The number of cases receiving either unilateral TKA or bilateral TKA (at a 1-week interval) was 51 and 59, respectively, and the surgery was performed under a general anesthesia by a single surgeon. The patients all used Scorpio NRG ® (Non-Restrictive Geometry, Stryker ® , Allendale, NJ, USA). Every patient took 10mg rivaroxaban as an oral anticoagulant for DVT prophylaxis, once daily for 14 days from Day 1 postoperatively, and at the same time, used intermittent pneumatic compression (IPC) pumps and compression stockings shortly after the operation, and also continuous passive motion (CPM) of the knee was initiated on postoperative Day 2 or 3. To analyze the correlation with risk factors affecting DVT incidence, the demographic and clinical characteristics of patients including age, gender, obesity, hypertension, diabetes and smoking status were investigated. To determine the presence of DVT, the clinical symptoms of patients were examined at Days 4 and 9 after the operation. During examination of clinical symptoms, the severity of distal femoral pain and proximal tibial pain was assessed using a verbal rating scale (VRS) (0 = no pain; 1 = mild pain; 2 = moderate pain; and, 3 = severe pain) [9] . Thigh swelling was assessed in the manner of measuring the circumference of the thigh at a distance of 10 centimeters from the patella in both the lower limbs with and without the surgical site, and subsequently categorizing differences between the measurements into four grades (0 = no swelling; 1 = less than 1.5 cm; 2 = 1.6 -3.0 cm; and, 3 = 3 cm or more) [11] . The severity of thigh bruising was assessed on the basis of the criteria proposed by Warwick et al. [12, 13] specifically, 0 point for no color change; 1 point for light yellow; 2 points for dark yellow; 3 points for yellow in the area of at least three palms; 4 points for yellow-black; and, 5 points for yellow-black in the area of at least three palms. In addition, local heat around the patella was assessed and judged as one of mild, moderate or severe in consideration for patient's gait, exercise and fomentation right before examination of clinical symptoms, followed by checking the patients for a positive Homan's sign.
At Day 7 after the operation, a same radiologist examined the common femoral vein, superficial femoral vein, and popliteal vein using color Doppler ultrasound imaging to check for the presence of deep vein thrombosis. Besides, D-dimer testing was carried out which is primarily employed to rule out venous thrombosis by virtue of its high sensitivity and negative predictability, and the results of less than 0.3 mg/L were judged as negative.
The results of each group were expressed as mean, standard deviation and frequency (%), and statistical analyses of respective parameters were conducted using SPSS (18.0 for Windows, Chicago, Illinois) statistical software program. Risk factors found in the two groups were analyzed with independent t-test at a significance 
Results
There were a total of 13 patients (11.8%) with DVT of one hundred and ten patients who underwent TKA, and there was no patient experiencing pulmonary embolism. 6 (11.8%) of 51 patients receiving unilateral TKA and 7 (11.9%) of 59 patients receiving staged bilateral TKA developed DVT and all of them had distal DVT ( Table  1) .
Of clinical symptoms examined at Day 4 postoperatively, thigh swelling index was 1.4 in DVT group compared to 0.9 in non-DVT group, indicating statistically significant difference between the two groups (p = 0.043). When the severity of pain (0 -4) was assessed, distal femoral pain was equivalent to 1.5 in DVT group compared to 1.2 in non-DVT group. Proximal pain was equivalent to 1.1 (close to mild pain) in DVT group, compared to 0.8 in non-DVT group. The results of assessing the severity of bruising (0 -4) indicate 1.8 and 1.5 (close to dark yellow) in DVT group and non-DVT group, respectively. Local heat (0 -3) corresponded to 1.0 in DVT group and 1.1 in non-DVT group. No significant difference in the statistical significance of pain, bruising and local heat was seen between the two groups.
The mean distal femoral pain and proximal tibial pain, thigh bruising, and local heat around the patella were 1.5, 1.1, 1.8, and 1.0 respectively in DVT group, and 1.2, 0.8, 1.5, and 1.1 respectively in non-DVT group, suggesting no statistical significance (p > 0.05). Similarly, no sig- nificant difference in the findings of clinical symptoms examined at Day 9 postoperatively was observed between the two groups. Even in thigh swelling index exhibiting some difference, no statistically significant difference was seen between DVT group and non-DVT group (p = 0.574) ( Table 2) . There was also no statistically significant difference between the two groups in terms of known risk factors including age, gender, obesity, hypertension, diabetes and smoking status (p > 0.05).
All the patients received D-dimer testing at Day 7 to 10 after the operation, 102 of the entire 110 patients were categorized into positive (+) range, and based upon imaging findings, just 13 cases were diagnosed as DVT. On the other hand, there was no event of DVT in 8 patients categorized into negative (−) range. When the boundary value of D-dimer testing was set to 0.3 mg/L, diagnostic sensitivity, specificity, positive predictability and negative predictability were 100%, 8.2%, 12.7% and 100%, respectively. This test showed no statistically significant difference between DVT group and non-DVT group (p > 0.05).
Discussion
It is reported that the frequency of various complications after TKA is estimated at up to 23.6%, and initially, the complications were limited to swelling or hemarthrosis, however in recent days, composed primarily of complications associated with revision TKA. The types of complications include infection, necrosis, hematoma, seroma, thrombosis, pulmonary embolism, pneumonia, renal or urinary dysfunction, cardiac dysfunction, and postoperative changes in mental status [14] . It was reported that among these complications, the frequency of DVT after TKA was estimated at 35% -65% without prophylactic medication, and that of fatal pulmonary embolism at 0.5% -3% [6] . However, a study reported that with prophylactic medication, the incidence rate of DVT ranged from 10% to 20%, and that of pulmonary embolism was also estimated at less than 1%. In general, it is known that the frequency of post-TKA DVT is somewhat lower (ranging from 14% to 42%) in the Eastern countries than in the Western countries [15] . However, because it may cause several symptoms leading to patient's discomfort and at the worst, death, the number of patients receiving prophylactic medications for DVT prevention is increasing. In this study, prophylactic medication was applied in all the cases to prevent post-TKA DVT, and conesquently, the frequency of DVT was relatively low (11.8%) while there was no case of pulmonary embolism.
The medications used for DVT prophylaxis are very limited to: aspirin, dextran, warfarin, low molecular weight heparin, and so on. Of these, low molecular weight heparin is contraindicated in patients with any of pulmonary embolism, underweight (<50 kg; thromboembolism only), or serious renal impairment, while warfarin has unpredictable pharmacological effects in spite of constant monitoring and a high likelihood of food-drug interactions [16] . Similarly, it is known that aspirin can reduce the risk of postoperative bleeding problems [17] , however its safety as an anticoagulant is still disputable.
Meanwhile, since used by the authors in this study, rivaroxaban (Xarelto ® ) acts as a factor Xa inhibitor and has the advantages of availability as oral dosage form, unnecessary monitoring based on hematological tests, fixed dose administration without dosage adjustments, less interactions with food or other drugs, the results of clinical studies on their efficacy and safety have been reported in recent days [9] .
For effective prevention of DVT, the present authors gave pharmacological therapy in combination to mechanical therapy such as IPC pump or compression stockings immediately after the operation and afterwards, and continuous passive motion (CPM) of the knee was initiated on postoperative Day 2 or 3.
According to some reports [18] [19] [20] , TKA itself is a risk factor of DVT because it may cause venous congestion, excessive clotting, and/or blood vessel intimal injuryfor example, attributed to the position of lower limbs during the operation, local swelling in the surgical site, surgical manipulations themselves or intraoperative tissue injury. In addition, many studies suggest that it is associated with such risk factors as age, gender, obesity, varicosity, hypertension, diabetes, mobility, and/or the duration of tourniquet use [21, 22] , however their relationship remains unclear. No significant intergroup difference was found in this study comparing DVT group versus non-DVT group in terms of age, gender, obesity, hypertension, diabetes, and smoking.
DVT is difficult to predict its event and it is critically important to give timely treatments through early diagnosis. However, it is very important to monitor carefully the postoperative clinical symptoms of patients because they are either symptomatic or asymptomatic. In this study, patient's clinical symptoms at Days 4 and 9 postoperatively were examined to check for any clinical symptoms in this study, and it was observed that thigh swelling index at Day 4 was significantly higher in DVT group than in non-DVT group. However, there was no significant difference between the two groups in other clinical symptoms including distal femoral pain and proximal tibial pain, thigh bruising, and local heat around the patella, and also in swelling index at Day 9. Furthermore, all the patients received D-dimer testing after the operation, and as calculated from the results of testing, sensitivity, specificity, positive predictability and negative predictability were 100%, 8.2%, 12.7% and 100%, which indicates higher sensitivity and negative predictability suggesting its high applicability as a test intended to rule out venous thrombosis, but no difference in test This study has the following limitations. First, there was no comparison group about the other drug. As the results of this study are consistent with those of a study performed by R. Patel et al. [10] in which comparisons of rivaroxaban versus warfarin as anticoagulant were made and reported, it is considered feasible to evaluate just the clinical results of DVT prophylaxis with rivaroxaban. However, further studies designed to make comparisons with other drug group are required. Second, we did not use venography, for DVT diagnosis. Venography is the gold standard for diagnosis DVT, however, this technique is invasive and requires the use of potentially hazardous contrast agents [23] . Because it may not be suitable immediately after TKA, we diagnosed the DVT using color Doppler ultrasound imaging. Finally, in spite of some studies reporting the delayed events of post-TKA DVT at up to Day 30, [24, 25] this study assessed the early events of DVT at up to Day 10 only. Nevertheless, the clinical symptoms and outcomes of DVT were carefully followed up in visits at Months 1 and 3, and no case of DVT was observed.
Conclusion
In this study of DVT prophylaxis with a combination of pharmacological therapy and mechanical therapy after TKA, the frequency of DVT was 11.8%, no thrombosis at Day 9 appeared in both the groups, without any events of complications resulting from thrombosis. It seems to be required to follow further up clinical symptoms, e.g., postoperative swelling, in patient populations at risk of thrombosis. A combination of pharmacology therapy (Rivaroxaban, Xarelto ® ) and mechanical therapy (foot sole pump system) after TKA is considered effective for DVT prevention.
